Perceived contrast, contrast detection thresholds and contrast discrimination thresholds were measured in the presence and absence of surrounding patterns of a similar spatio-temporal makeup. In the foveal retina we found that the perceived contrast of the central pattern was reduced by the presence of the contrast surrounds with the effect being greatest at low test contrast. Detection thresholds were not affected and contrast discrimination thresholds were only affected over a small range of low test contrasts. However if the test pattern was made smaller, or if its central part was occluded detection thresholds were raised. In the peripheral retina detection thresholds were raised and discrimination thresholds were affected over most of the range of contrasts. We argue that the pattern of results resembles those produced in masking paradigms where the test and mask are coextensive if the spatial range of interactions is taken into account and hence the effects of the contrast surround may be merely a manifestation of normal masking processes.
Introduction
The boundaries between different parts of a scene nearly always result in a local change in luminance. Early parts of the visual system (e.g. the photoreceptors) appear to be governed by the actual luminance of the part of the scene to which they are sensitive, however it appears that later parts (such as cells in the lateral geniculate or cortex) are not sensitive to luminance per se but are sensitive to changes in luminancethey are contrast sensitive [1] . Hence understanding the processing of contrast information is of vital importance to understanding vision.
Human studies of the processing of contrast information include a variety of tasks such as absolute contrast sensitivity (the minimum amount of contrast required to detect a pattern), perceived contrast (measured by matching or estimation techniques) and contrast discrimination (the minimum amount of change of contrast that may be detected)-as well as a literature that looks at how contrast may affect a very large variety of tasks. Any complete model of contrast processing will have to account for all these data. There are currently a number of models that attempt to account for contrast perception (e.g. [2] [3] [4] [5] [6] [7] [8] [9] [10] ).
These models and the data that prompted them, have been derived from a number of paradigms such as contrast threshold detection, contrast matching and contrast discrimination. They also have employed stimulus paradigms such as masking where a 'masking' pattern is spatially overlaid upon a test pattern. However there is also further literature where interactions between two patterns have been studied when the patterns are not spatially overlaid but are spatially adjacent to one another. Well known examples are the 'simultaneous tilt illusion' [11, 12] or the 'simultaneous spatial frequency illusion' [13] where the surrounding pattern produces a shift in the perceived tilt or spatial frequency of the central patch, respectively. More recently it has been observed that contrast surrounds induce a change in perceived contrast of the centre (we shall term this the 'simultaneous contrast illusion'- [14] [15] [16] [17] [18] [19] ). Chubb et al. [16] demonstrate that, for ran-dom texture patterns, high contrast surrounds induce the centre pattern to appear to have a lower contrast than without this surround. A similar result has been obtained for gratings [17] though some observers have shown small enhancements under certain conditions [18] .
What is the nature of these centre-surround interactions? The most common explanation of the simultaneous contrast illusion is to invoke the notion of lateral inhibition. Elements that are strongly stimulated by the surround pattern inhibit the elements being stimulated by the centre pattern and hence they respond more weakly, which in turn leads to the impression of less contrast. In this paper we aim to explore a simple idea that surround patterns produce masking in an analogous manner to that when the patterns are spatially overlapping. To this end we present human psychophysical data on three tasks-contrast detection, contrast matching and contrast discrimination, collected under comparable conditions. We compare data collected in the absence of a surrounding pattern with those collected when the test pattern is surrounded by an annulus whose properties are very similar (except for its contrast) in an attempt to quantify the effects of such surround patterns. These data are then compared to published data that were collected using the more 'normal' masking paradigm where the mask and test are spatially overlapping. The data are also compared to predictions from a recent model of contrast masking [8] . We argue that the two paradigms produce essentially the same pattern of results in each of the three tasks-save that there are conditions under which the 'surround' paradigm differs as it is unable to influence a test pattern that is sufficiently spatially removed from it. We also demonstrate that, given the above caveat, a model of human pattern vision that employs divisive inhibition [8] appears to mimic much of the data from all three tasks. We therefore suggest that the 'surround' paradigm is not qualitatively different from the more commonly used spatially overlapping masking paradigm.
General methods

Stimuli
All stimuli had a sinusoidal luminance profile in both space and time (counterphase flicker). The stimuli were produced on a VSG 2.1 graphics board (Cambridge Research Systems) and displayed on a Joyce oscilloscope (white P4 phosphor). The output of the grating generator was gamma corrected by an internal lookup table. The screen was refreshed at 100 Hz. All stimuli had a mean luminance of 150 cd/m 2 and were viewed binocularly from a distance of 57 cm. The test stimulus normally had a diameter of 2 cm (2 deg) and was centred at the point of fixation. The surround stimulus was a ring of external diameter of 12 cm (12 deg) and internal diameter 2 cm (2 deg), hence there was no gap between the inner edge of the annulus and the outer edge of the test pattern. The rest of the screen surrounding the annulus was unpatterned and at the mean luminance. As phase has been shown to be an important variable in assessing the effects of surrounds on test stimuli [20, 14] we attempted to minimize the effects of phase by randomizing all phases and having small differences in both spatial and temporal frequencies between the surround and the test. The starting phase (both spatial and temporal) of all stimuli was randomized from presentation to presentation and the starting phase of the test stimulus was random with respect to the starting phase of the surrounding annulus. We also had a small difference in the spatial and temporal frequencies of the test and surround. The test stimulus had a spatial frequency of 2.1 c/deg and a temporal frequency of 2.1 Hz. The surround stimulus had a spatial frequency of 1.9 c/deg and a temporal frequency of 1.9 Hz. By having these small differences we effectively randomize the phase relationship between the test and surround at all times.
The contrast of stimuli is defined as
where L max is the maximum luminance and L min the minimum luminance. Results are reported in terms of decibels (20 dB=1 log unit) with respect to maximum contrast (1) being 0 dB. Test and surrounding annulus were presented simultaneously and were subject to the same temporal windowing. Stimuli were presented for brief intervals of notional duration 1200 ms. Each interval was signalled by a tone. In fact each stimulus was actually at full contrast for 1000 ms and was ramped linearly on and off over a period of 100 ms in order to reduce the effects of transients. Intervals within a trial were separated by 500 ms.
Procedure
For each condition the contrast of the test pattern was controlled by a QUEST procedure [21] calculating maximum likelihood estimate (integer deciBels) of the contrast at which subjects would pick the test contrast as higher 62.5% of the time for matching experiments and 82% of the time for detection/discrimination experiments. To this estimate we added an integer value from − 3 to + 1 dB so as to bracket the contrast of the perceptual match (i.e. the contrast at which the subject chose the test pattern on 50% of trials) for the matching experiments or the 75% correct point for the discrimination experiments. The starting contrast of each QUEST was calculated by taking the standard contrast minus 993 dB for the matching experiments and at 9 9 3 dB from thresholds determined in pilot trials for the detection and discrimination experiments. Each QUEST continued for 64 trials. Match contrasts were determined by plotting the probability that the test pattern was judged of a higher contrast than the standard at each contrast level presented and subjected to probit analysis to determine the contrast at which is was chosen with a probability of 0.5. Detection and discrimination thresholds were determined in a similar manner save that the probability of correct responses was plotted at each contrast and probit analysis determined the 0.75 correct point with an appropriate correction for guessing. Data presented are the mean and standard error of three such measurements.
Subjects
The two authors served as subjects in all conditionsmales aged 28-31 at the time of these experiments. No corrective lenses were required.
Experiment 1.-perceived contrast changes induced by the surround pattern
This experiment measured the effects of a surrounding pattern on the perceived contrast of a test pattern.
Two patterns were shown in a temporal-interval binarychoice paradigm. In one of the intervals (randomly 1 or 2) the central portion of the pattern was at a standard contrast whilst the other interval contained a test contrast. The annulus was only presented surrounding the test contrast. Subjects pressed a button to indicate in which interval the centre pattern appeared to have the higher contrast. No feedback was given. Therefore if the annulus tended to reduce the apparent contrast of the centre pattern the procedure would mean that the test pattern would have to be set to a higher contrast than the standard pattern in order to produce a satisfactory match-hence the difference (match contrastphysical contrast) would be positive. The experiment was performed for four separate surround contrasts: − 0.4 dB (96%), − 6.4 dB (48%), − 18.4 dB (12%) and − dB (0%) which was included as a baseline control. Fig. 1 plots the match contrast of the test pattern with respect to the physical contrast of the standard pattern as a function of the standard pattern for two observers. The four panels show the four surround contrasts. In considering the case where the surround contrast is − dB (0%) the data fall near or at the 0 dB change. This merely means that the subjects were able to make accurate matches between the two patterns. At a greater surround contrast of − 18.4 dB (12%) the centre pattern appears somewhat faded when it is of a fairly low contrast. As the standard contrast increases the size of this reduction in contrast becomes smaller and at around − 22 to−16 dB (8 to 16%) contrast there is no contrast reduction. At higher contrasts subjects RS produces near veridical matches whereas subject SH appears to show a contrast enhancement over a range of contrasts. At the next highest surround contrast (− 6.4 dB, 48%) a similar pattern of results is apparent (in that there is a reduction in perceived contrast which is greatest at low contrasts) save that this reduction in perceived contrast is greater at each standard contrast and extends to higher standard contrasts. Finally, at the highest surround contrast ( − 0.4 dB, 96%) over most of the range of standard contrasts there is a loss of perceived contrast and as test contrast is decreased the loss of contrast increases. However, it is most noticeable that this trend reverses at the two lowest test contrasts employed.
Our results resemble those of Cannon and Fullenkamp [17, 18] in many ways. Firstly, both subjects showed clear and in some cases strong contrast suppression effects induced by the surrounding patterns. Subject RS showed only suppression or no effect throughout the various conditions and would be classified according to the scheme of Cannon and Fullenkamp [18] as a 'suppresser'. Subject SH shows similar behaviour over most of this range except for the case where the centre pattern had a greater contrast than the surround where some enhancement was found. Our data clearly show that most of the time the greatest loss of perceived contrast is apparent at low standard contrasts and the size of this effects reduces as one goes to higher contrasts. These data resemble data for contrast adaptation where loss of perceived contrast is greatest when the test contrast is low [22, 23] .
How do these data compare to masking effects when the test pattern and mask are coextensive (i.e. superimposed). Unfortunately there are no published data with which to compare, as if the mask and test are in the same position (and have the same properties) how can the subject know which they are judging? In some preliminary experiments (Snowden, in preparation) perceived contrast has been estimated in the presence of an orthogonally oriented 'masking' pattern. The data collected suggest that the test pattern appeared to have less contrast as compared to an unmasked comparison and the effect was greatest at low test contrasts. This resembles the data in the present experiment. Thus we, very tentatively, suggest that the loss of perceived contrast induced by surround patterns resembles that of normal masking.
Experiment 2-contrast threshold changes produced by surround pattern
We measured threshold contrast as a function of the contrast of the surrounding pattern (ranging from − dB (0%) to − 3.9 dB (64%)). Note that the surround pattern now was present in both intervals and the subject's task was to indicate in which interval the test pattern occurred.
The results for the two observers are shown in Fig. 2 . The threshold for detecting the pattern without the annulus has been subtracted from the threshold with the surrounding annulus and is plotted against the contrast of the surrounding annulus. Error bars represent the root mean square error of the two thresholds. It is clear that there is no significant threshold elevation caused by the surround pattern at any surround contrast. Likewise the characteristic dip in thresholds seen at low mask contrasts [24, 2] is also absent, though comparisons are difficult as the dipper function also is phase dependent. Indeed in the current experiment it appears that there is no interaction at all. Clearly this pattern of data does not resemble that produced when the test and mask are superimposed [25, 24, 2, 7, 26] .
Experiment 3-contrast discrimination and the effect of surround patterns
The results of experiments 1 and 2 appear somewhat puzzling when considered together. The loss of contrast is most pronounced at low test contrasts and yet there is no change at absolute threshold. It is unclear why this should be so. One possibility is that the effects may only be present for a narrow range of contrasts just above threshold (this could be implemented by a change in the shape of the postulated accelerating response versus contrast function). We have therefore made measurements of contrast discrimination for a range of standard contrasts (from − dB (0%) to −3.9 dB (64%) in the presence of a high contrast surround − 6.4dB (48%) or no-surround. A technique similar to experiment 2 was used. Subjects were presented with two intervals that contained both a centre pattern and a surround annulus. One of the centre patterns had a greater contrast than the other and the subject indicated the interval they believed contained the higher contrast.
The results are shown in Fig. 3 where thresholds for detecting the contrast increment are plotted as a function of the standard contrast. Several aspects of the data are noteworthy. Firstly, we reproduce the well documented dipper function in all cases. Secondly, when the pedestal contrast is set to − dB (0%) the surround has no effect. This is in line with the results from experiment 2. Thirdly, the dip in the function is less pronounced when the surround is present and appears to occur at around the same pedestal contrast as when the surround is absent. Fourthly, the functions come together at higher pedestal contrasts. Finally, there is no pedestal contrast at which thresholds in the presence of the surround are smaller than those without the surround.
In comparing our data to normal coextensive masking we again find some differences. Both Ross et al. [26] and Foley [8] show that masks serve to elevate thresholds for low pedestal contrasts, move the pedestal contrast at which the dip occurs to higher contrasts and have no effect at high pedestal contrasts. Only the last of these points is in agreement with the present conditions.
Discussion
The results for experiments 1-3 leave us with a considerable puzzle as to what changes a surround pattern produce. We have to explain how thresholds can not be affected yet we get considerable suprathreshold effects (at least at low contrasts).
We suggest the possibility that the range of spatial interaction is limited and that the threshold tasks and suprathreshold tasks rely upon differing parts of the test pattern. Such an idea has been put forward before in relation to the simultaneous tilt illusion and the simultaneous spatial frequency shift [12] . Klein et al. [13] noted that if a grating pattern is surrounded by another this produces no threshold elevation (exactly as we report in the current experiment 2) but one still gets a shift in perceived spatial frequency for suprathreshold gratings. They argued that this pattern of results is indicative of a two stage process. Tolhurst and Thompson [12] produced a similar result when investigating the simultaneous tilt illusion-namely that a configuration that produced a tilt illusion did not produce any threshold elevation. However they argued that this result could be accounted for by the idea that thresholds are governed by the very centre of the test pattern. To this end they suggested that as contrast is increased from threshold more and more of the pattern will become visible and that these parts will be nearer to the inducing pattern and therefore by affected by it. Therefore the tilt illusion should increase with increasing test contrast-this was indeed confirmed by their experiments. Hence we suggest that we have an analogous situation save that the effects are manifest in contrast matching and contrast discrimination rather than in illusory percepts of tilt or spatial frequency.
In order to test this possibility two experiments on threshold contrast were conducted.
Experiment 4-role of field size in determining threshold elevation produced by surround patterns
Threshold contrast was determined in the presence and absence of a surround pattern. The size of the test pattern was systematically manipulated (0.67, 1.33, 2.00, 2.66, 4.00°diameter) and the surround always abutted the test pattern. If the notion that there is a limited spread of the masking effect from the surround and that thresholds are governed by the central portion of the pattern, then we should find surrounds elevating thresholds for small patterns but not for large ones.
The results are shown in Fig. 4 . Thresholds fall with increasing field size (as reported many times before) up 
Experiment 5.-effects of removal of the central portion on threshold elevation produced by surround patterns
A second prediction of the 'limited extent of interactions' idea is that if we remove the central portion of the test pattern and therefore force subjects to use the outermost sections of the test pattern then we should also get changes in threshold. The size of the test pattern was once again returned to 2°diameter but the central portion of 1°diameter was removed from view by an opaque mask of dark cardboard. Subjects made threshold measurements for a range of surround contrasts from − (0%) up to −0.4 dB (96%).
The results are shown in Fig. 5 . At low surround contrasts there is no masking effect, however from around a contrast of − 20 dB (10%) thresholds rise with a slope of : 0.5.
Discussion
The results of experiments 1-3 are now explicable by the following hypothesis. A masking pattern serves to produce an effect which extends over the area of the masking pattern and a little beyond it (the possible nature of this effect will be discussed later). Hence only patterns very close to the mask are affected. At very low test contrasts (i.e. near threshold) only the central part of the test pattern was 'visible' and this was far enough away from the surround as to be unaffected. As test contrast rises the more peripheral parts of the test pattern become visible and contribute to the percept. As these more peripheral parts are close to the surround they are affected and 'masking' occurs. This can explain the finding that at very low test contrasts there is a reduction in the size of the loss of perceived contrast at very low contrasts (see Fig. 1 ). Presumably at these lowest contrasts not all of the test pattern is visible and hence the masking effect is reduced. This hypothesis can also explain the contrast discrimination data. Once again we do not expect absolute threshold to around a field size of 2°diameter, or alternatively a field size of four cycles. This is in line with previous estimates for foveal stimulation [27, 28] . In the presence of the surrounding annulus thresholds are unaffected if the test size is 2 deg (four cycles) or greater but elevates thresholds for test patterns smaller than this. These data fit with the idea that there is a region of summation of a : 4 cycles and therefore the surrounding annulus only has an effect if it encroaches into this region of summation. It should be noted that the stimuli used in experiments 1 -3 are just within the region where the annulus does not produce any threshold elevation.
This experiment has great similarity with that of Ejima and Takahashi [28] . They presented subjects with a test grating pattern of 4°along with two high contrast flanking patterns. They found that as the flanking patterns were brought closer together they began to raise thresholds for the test pattern. This began when the separation of the peripheral gratings was : 4-5 cycles and increased as the separation reduced. This pattern of results is entirely consistent with that produced in our paradigm. It is also notable that the test stimuli used by Klein et al. [13] had : 5 cycles and those of Tolhurst and Thompson [12] had : 13 cycles.
Hence from the present data we would indeed have predicted that thresholds would not be affected.
It might be argued that the reduction of the masking effect as the test field is increased in size in our experiment was due to the concomitant decrease in the annulus size (or some ratio of the two sizes). Cannon and Fullenkamp [17] do show an increasing loss of apparent contrast with increasing surround width which saturates at around a width of around 6 cycles (see their Fig. 2) . We deliberately choose a large annulus outer width (diameter= 24 cycles) so that even at our largest test size the annulus still has 16 cycles-well within the region where increasing the size of the annulus has little effect. It seems unlikely therefore that the changes in the size of the annulus had any significant effects in the current experiment. tion is found in line with a previous report of contrast discrimination in the peripheral field [32] . The effects of a surround pattern are now somewhat different to the foveal data (Fig. 3) . Firstly the presence of the surround now elevates thresholds by about 10 dB at 5°a nd by about 15 dB at 10°. Secondly, the standard contrast at which minimum thresholds are achieved is at approximately the contrast at which the pattern itself is detected. This is also true for the foveal data (Fig. 3) . However, as the surround elevates this absolute threshold in the peripheral field, the dip is pushed to the right by the surround. At the highest pedestal contrasts the two functions appears very similar. Indeed it can also be noted that at these high standard contrasts there is little difference between any eccentricity.
These data appear to be in line with the notion that interactions across space are greater in the peripheral field than in the fovea. We therefore predict that the surrounds should show the same properties as normal superimposed masking patterns. Ross et al. [26] and Foley [8] measured contrast discrimination over a range of pedestal contrasts for masks that differed from the discriminanda in either orientation or spatial frequency. They found (1) masks increased absolute thresholds (2) pushed the pedestal contrast at which thresholds were minimum to the right and (3) did not affect thresholds for high pedestal contrasts. Their data appear to be very similar to those found in the present study looking at centre-surround interactions. We are therefore encouraged that such centre-surround interactions can be thought of as examples of normal masking.
to be affected. At slightly higher contrasts the more peripheral parts of the pattern should begin to contribute and the masking effect is seen.
As such we have attempted to describe the simultaneous contrast illusion as merely the results of normal masking whose effects are well documented. The masking effects are not confined to the area of the masking pattern but extend beyond it to produce the simultaneous contrast illusion and, presumably, the simultaneous tilt and spatial frequency illusions. There is some evidence that interactions across space extend across a greater region of space in the peripheral retina than in the fovea [29] [30] [31] . We therefore decided to measure the contrast discrimination functions with and without the surround pattern in the peripheral retina. We predict that the surround pattern will now produce threshold elevation.
Experiment 6-contrast discrimination and contrast thresholds in the presence of surround patterns: peripheral viewing
Procedures were exactly as in experiment 3 except for the viewing conditions. Subjects fixated a small LED that was placed directly 5°or 10°below the centre of the test pattern.
Contrast discrimination thresholds are plotted as a function of standard contrast for 5°in the superior field in Fig. 6 and for 10°in the superior field in Fig. 7 . At each eccentricity the characteristic dipper shaped func- 
General discussion
We have examined the effects of a high contrast surrounding pattern upon absolute contrast detection, contrast discrimination and the perceived contrast of a centre pattern. Briefly, we have found that with contrast surrounds:
(1) Absolute thresholds may or may not be increased depending on stimulus configuration. Threshold elevation is greater as the test pattern is reduced in size or as the stimulus is viewed more peripherally.
Under conditions where the patterns are interacting then contrast surrounds:
(2) Produce a loss of perceived contrast in the centre pattern that is greatest (in logarithmic terms) for patterns of low contrast and diminishes as test contrast grows (3) Alter contrast discrimination. They increase thresholds at low pedestal contrast and shift the dipping portion of the function to higher pedestal contrasts. They have no effect at high pedestal contrasts.
The simultaneous contrast illusion has so far been regarded as the result of lateral inhibition [15 -17] . The connection to normal masking (where the two patterns are superimposed) has not been considered. In this discussion we will put forward the case that these surround effects are just special cases of a more general masking effect (or, alternatively, that normal masking is just a special case of lateral inhibitory interactions!). As mentioned previously there are a number of models of human pattern vision. We have chosen to implement one of them and derive predictions from it in order to compare with the present data. We chose the model of Foley ([8] -model 3) that was developed to account for data derived from masking experiments upon detection of a test pattern. The model incorporates the notion of divisive inhibition and the data (Foley's) suggest that whilst the excitatory input to the model is narrowly tuned to the test orientation the divisive inhibition might be very broadly tuned. Similar conclusions were suggested on the bases of data derived from contrast adaptation experiments [23, 33] . Further a model of the responses of striate cortex neurones also incorporates the notion of poorly tuned divisive inhibition [34] .
The model can be expressed as:
where R is the mechanisms response. E is the excitation and is calculated from the product of the sensitivity for excitation (S ei ) of the mechanism to each pattern component (i ) and its contrast (C i )
and is then summed across all pattern components
The inhibitory input is also the product of an inhibitory sensitivity term for each pattern component and its contrast. Note that these terms are raised to a power (q) before summed whereas the excitatory components are summed before being raised to a power (p).
Using the notation of t for the test pattern and a for the surround annulus the model as applied to the current experiments has seven free parameters-S et , S ea , S it , S ia , p, q, Z. As we did not have sufficient data from the present experiments to estimate these parameters we chose to use the parameters of Foley [8] -observer KMF) were possible (though there are considerable differences between these studies' stimuli). Hence S et = −38.3 dB, S it = −36.05 dB, p=2.72, q= 2.32, Z= 4.42. This left only S ea and S ia , as free variables. The values chosen for these were based on our intuition that surround patterns might behave somewhat like superimposed mask patterns that differ from the test pattern in, say, orientation. Following the lead of Foley, who showed that the sensitivity of the excitatory component of the model to a pattern of a very different orientation is is very low, whereas the sensitivity of the inhibitory component of the model remains similar to ones of the same orientation, we chose S ea = 0 and S ia = −36.05. Hence all parameters of the model were fixed. The data from this simulation are shown in Fig. 8 . In the upper panel the responses of the mechanism without any surround present are represented by the solid symbols. The responses of the mechanism in the presence of surrounds were calculated for a surround contrast of − 20 dB (10%)-these data are depicted by the open symbols. Discrimination thresholds were calculated by the assumption that threshold is reached when the response of the mechanism on the target trials is greater by that of the non-target trials by a constant-the same method as Foley [8] . These calculations are depicted in the middle panel. Simulation of the matching experiments was achieved by calculating the contrast required for the target with the surround to produce the same response as when the standard contrast was not surrounded the annulus. These calculations are depicted in the bottom panel.
It can be seen that this simulation captures many of the main points of the data but misses other points. In considering the matching data the model correctly predicts that the matching contrast will be elevated by the surrounds and that this elevation will be greatest at low contrasts. This is in line with the present data save for the small decrease seen at the lowest standard contrasts for the highest contrast surrounds (Fig. 1d) . The simulations for the discrimination experiments appears to match those of the data reasonably well when these experiments are performed in the peripheral retina. spatially superimposed masks of a different orientation [8] but not in other similar experiments [26] . Despite this small discrepancy the model appears to be a good simulation of most of the data. However it is clear that the model can not account for the discrimination and absolute detection data in the fovea. The model clearly predicts substantial threshold elevation that we did not observe under our normal conditions. We again suggest that this is because near threshold subjects are only utilizing parts of the display that are more removed from the surround annulus.
Absolute threshold
There have been a number of studies which have compared absolute contrast threshold in the presence of flanking patterns. Ejima and Miura [35] show that a flanking pattern can either raise or lower thresholds. Thresholds are raised if the flanking pattern is out of phase with the test at all flank contrasts. Thresholds are raised also by high contrast in-phase flanks but may be lowered at low flank contrasts. In essence this resembles normal masking in that for in phase patterns thresholds fall at low contrasts and then rise at higher contrasts [2] . Our current paradigm randomized all phases and so should resemble more the out-of-phase data of Ejima and Miura [35] . These studies are in agreement in showing only threshold elevation in these conditions.
More recently Polat and Sagi [36, 37] have shown both facilitatory and inhibitory effects of flanking patterns. High contrast flanks increase thresholds when close to the test pattern but decrease thresholds when a little further away. These effects are also modulated by the orientation difference between the flanks and test. Why should this be so? A clear possibility is that strength of spatial interactions decreases with space. Hence a high contrast grating reasonably far away could behave like a low contrast grating nearby. As 'low contrast' masks can decrease thresholds ( [24] among others) this high contrast grating far away may also facilitate thresholds as shown by Ejima and Miura [35] . We are currently exploring this hypothesis.
Percei6ed contrast
The changes in perceived contrast elicited by a surround pattern appear to form a complex pattern of results. Ejima and Takahashi [14] describe the effects of vertically oriented flanking gratings on a vertically oriented centre pattern for both horizontally located or vertically located flanks. With the horizontally located flanking patterns apparent contrast was increased for low contrast flanks but was decreased by high contrast flanks. For vertically located flanking patterns similar results were found for the in-phase condition but for opposite-phase condition the flank patterns monotoniAbsolute thresholds are elevated, the minima of the dipper function is shifted to a higher standard contrast and the functions come together at the higher standard contrasts. There is, however, a discrepancy in that the model predicts a range of contrasts under which thresholds in the presence of the surround are actually lower than without the surround. We did not observe this trend in our data though this has been observed for cally increased the apparent contrast of the centre as flank contrast was increased. Ejima and Takahashi [14] interpret their results in terms of three concurrent processes; brightness induction, spatial summation and interactions between spatial-frequency selective mechanisms. Cannon and Fullenkamp [17] used a stimulus configuration more similar to our own (save that their stimuli were static and the centre and surround were always in-phase). Their results appear to match our own in only producing mainly reduction in the apparent contrast of the centre (our one exception was for subject SH at high test and low flank contrasts). Cannon and Fullenkamp [18] went on to examine why their previous study and that of Ejima and Takahashi [14] produced differing results. They show considerable individual differences in the effects, but suggest that they can be interpreted in terms of two interacting mechanisms, one of which serves to enhance the apparent contrast of the central patch and one which serves to reduce it. Experiments have also been performed using noise patterns rather than gratings [16, 38] . These also show that surround patterns serve to decrease the apparent contrast of a central patch.
Conclusions
We have tried to make the case that the effects of a surround pattern mimic those of normal masking where the two patterns are superimposed. We believe this notion goes some way in helping to simplify the situation by regarding them as manifestations of the same process(es).
